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PICTURE TAKING OPTICAL READER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§119 of Provisional Application No. 60/470,016 ?led May 
12, 2003, entitled “Picture Taking Optical Reader.” The 
priority of the above application is claimed, and the disclo 
sure of the above application is incorporated herein by 
reference in its entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to optical readers 
and speci?cally to an optical reader con?gured to take 
pictures. 

BACKGROUND OF THE INVENTION 

[0003] Optical readers tend to fall into one of three 
classes: Wand readers, laser scan engine optical readers and 
image sensor based optical readers. 

[0004] Wand readers generally comprise a single light 
source and single photodetector housed in a pen shaped 
housing. A user drags the Wand reader across a decodable 
symbol (e.g., a bar code) and a signal is generated repre 
sentative of the bar space pattern of the bar code. 

[0005] Laser scan engine based optical readers comprise a 
laser diode assembly generating a laser light beam, a moving 
mirror for sWeeping the laser light beam across a decodable 
symbol and a signal is generated corresponding to the 
decodable symbol. 

[0006] Image sensor based optical readers comprise mul 
tielement image sensors such as CID, CCD, and CMOS 
image sensors and an imaging optic for focusing an image 
onto the image sensor. In operation of an image sensor based 
optical reader, an image of a decodable symbol is focused on 
an image sensor and a signal is generated corresponding to 
the signal. 

[0007] Because of numerous advances provided by image 
sensor based optical readers, users of laser scanner engine 
based optical readers have been sWitching in increasing 
numbers to image sensor based optical readers. Image sensor 
based optical readers are more durable and offer additional 
features relative to laser scan engine based bar code readers. 
One function Which has been incorporated into image sensor 
based optical readers is a picture taking function. Optical 
readers have been developed Which can both take pictures 
and decode decodable symbols represented in captured 
image data. 

[0008] US. Pat. No. 5,392,447 describes a hand held 
image sensor based optical reader having a “Photo Mode” 
and a “Text Mode” In the “Photo Mode,” images are 
captured and subjected to image compression. In a “Text 
Mode” decodable symbols are subjected to decoding. 

[0009] US. Pat. No. 6,298,176, issued Oct. 2, 2001, 
entitled “Symbol-Controlled Image Data Reading System” 
describes an optical reader, Which determines an image 
data-reading region from an image reading instruction sym 
bol Within an image and then reads image data from the 
image data-reading region. 
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[0010] In spite of the advances such as those embodied in 
the described prior art, it Would be useful to even further 
advance operational functionality of picture taking optical 
reader. 

SUMMARY OF THE INVENTION 

[0011] According to its major aspects and broadly stated, 
the invention is a picture taking bar code reader. As 
eXplained in copending application Ser. No. 10/143,158, 
?led May 10, 2002, incorporated by reference, it is useful to 
use an imaging based optical reader to take pictures (e.g., of 
a package including a bar code). 

[0012] In one aspect, the invention includes an optical 
reader having a decode mode of operation and a picture 
taking mode of operation. In the decode mode of operation, 
a control circuit of the reader loads at least one decode mode 
camera control parameter, captures a frame of image data 
utiliZing said at least one decode mode camera control 
parameter, decodes a decodable symbol representation in 
said captured frame of image data, and outputs a decoded 
out message. In the picture taking mode of operation, a 
control circuit loads at least one picture taking camera 
control parameter, captures a frame of image data utiliZing 
the picture taking camera control parameter, and Without 
attempting to decode decodable symbol in said frame, 
outputs said frame of captured image data. 

[0013] According to the invention, a “decode mode” cam 
era control parameter is one Which is established for the 
purpose of aiding in the capture of a frame of image data 
Which is optimiZed to be subjected to decoding. A “picture 
taking mode” camera control parameter, as refereed to 
herein, is one Which is established for the purpose of aiding 
in the capture of a frame of image data Which is optimiZed 
for visual output quality. 

[0014] In another aspect, the invention includes an optical 
reader having a decode mode of operation and an automatic 
imaging mode of operation. In the decode mode of opera 
tion, a control circuit of the reader loads a decode mode 
operational parameter, captures a frame of image data uti 
liZing the parameter, decodes a decodable symbol represen 
tation in the captured frame of image data, and outputs a 
decoded-out message. In the automatic imaging mode of 
operation, the control circuit of the reader captures a frame 
of image data, and evaluates the image data to determine 
Whether the image data includes a graphical symbol. The 
reader may then process the image data in a manner that 
depends on the result of the image evaluation. 

[0015] In another aspect, the invention includes an imag 
ing device having a picture taking mode of operation and an 
automatic imaging mode of operation. In the picture taking 
mode, a control circuit of the device loads a picture taking 
mode operational parameter, captures a frame of image data 
utiliZing the parameter, and Without attempting to decode a 
decodable symbol representation therein, outputs the cap 
tured frame of image data. In the automatic imaging mode 
of operation, the control circuit of the reader captures a 
frame of image data, and evaluates the image data to 
determine Whether the image data includes a graphical 
symbol. The reader may then process the image data in a 
manner that depends on the result of the image evaluation. 

[0016] In another aspect, the invention includes an optical 
reader having a picture taking mode of operation, a decode 
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mode of operation, and an improvement mode of operation. 
In an improvement mode of operation, the control circuit of 
the reader improves the visual display or print (visual 
output) quality of the last captured frame of image data 
captured by the optical reader. 

[0017] These and other details, advantages and bene?ts of 
the present invention Will become apparent from the detailed 
description of the preferred embodiment and the associated 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] For a further understanding of these and objects of 
the invention, reference Will be made to the folloWing 
detailed description of the invention Which is to be read in 
connection With the accompanying draWing, Wherein: 

[0019] FIG. 1a depicts a reader in use in an operating 
environment according to the invention; 

[0020] FIG. 1b-1j shoWs various optical reader form 
factors according to the invention; 

[0021] 
module; 
[0022] FIGS. 36 and 3f shoW a graphical user interfaces 
Which may be utiliZed in the selection of an operating mode; 

[0023] FIG. 4a is a block diagram of an electrical circuit 
according to the invention; 

FIGS. 3a-3d shoW various uses of an imaging 

[0024] FIG. ’s 5a-5a' shoW various timing diagrams illus 
trating possible embodiments of a linear decode mode 
according to the invention; 

[0025] FIGS. 6a-6e are How diagrams illustrating various 
operating modes according to the invention; 

[0026] FIGS. 6f and 6g are histograms corresponding to 
captured frames of image data captured according to the 
invention; 
[0027] FIG. 7 illustrates an optical reader netWork accord 
ing to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] A optical reader, according to the invention, is 
decoptied in use in FIG. 1. In a ?rst “decode mode” reader 
10 is utiliZed to decode a bar code 1010 such as a bar code 
on a package 1012. In a “picture taking” mode, reader 10 is 
utiliZed to take a picture of package 1020 carrying bar code 
1010, or a storage container, or a trailer boX 1030 or a 
signature or a face. In an automatic imaging mode, reader 10 
captures an image, classi?es the image, and processes the 
image in a manner that depends on the image classi?cation. 

[0029] Housings for optical readers in Which the invention 
can be employed are shoWn in FIG. 2. In FIG. 1b, a gun 
style optical reader is shoWn as described in copending 
application Ser. No. 10/339,275, ?led Jan. 9, 2003, entitled 
“Housing For An Optical Reader,” incorporated by refer 
ence. An imaging module (not shoWn) is incorporated in the 
reader housing 11. In FIG. la, a gun style reader 10 is shoWn 
having an integrated keyboard 13k and display 13d. In 
FIGS. 1d, 16 and 1f, a portable data terminal (PDT) style 
reader is shoWn having a keyboard 13k and a display 13d. In 
FIG. 1f, an embodiment is shoWn Wherein display 13d 
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includes an associated touch screen overlay and Which 
further includes a stylus for entering signature information. 
In FIG. 1g, a cellular phone is shoWn Which has a display 
13d and keyboard 13k and Which incorporates an imaging 
module 500. In the embodiment of FIG. 1h, a reader 10 
comprises a portable data terminal (PDA). In the embodi 
ment of FIG. 1j, reader 10 is in the form of a transaction 
terminal including card reader 240, as is described in US. 
patent application Ser. No. 10/339,444, ?led Jan. 9, 2003, 
entitled, “Transaction Terminal Comprising Imaging Mod 
ule,” incorporated by reference. Numerous other form fac 
tors are possible. For eXample, in US. application Ser. No. 
10/092,789, ?led Mar. 7, 2002, entitled “Optical Readebr 
For Imaging Module,” incorporated by reference, a pen style 
optical reader is shoWn. In US. application Ser. No. 09/432, 
282, ?led Nov. 2, 1999, entitled “Indicia Sensor System For 
Optical Reader,” incorporated by reference, a reader is 
shoWn Which rests on a “scan stand.” 

[0030] An imaging module 50 Which may be incorporated 
into a reader housing to form an optical reader is described 
With reference to FIGS. 3a-3a'. Imaging module 50 may be 
an IT 4000 imaging module of the type available from Hand 
Held Products, Inc. of Skaneateles Falls, NY. IT4000 imag 
ing modules available from Hand Held Products, Inc. are 
available With associated decode circuits Which may be 
actuated to decode a decodable indicia, such as bar code 
indicia, Within a captured image. Imaging module 50 can be 
at IT4200 imaging module With an associated decode-out 
circuit, also available from Hand Held Products, Inc. Imag 
ing module 50 includes a support 80 having a containment 
81 containing image sensor 32 incorporated on chip 182, and 
a retainer section 82 retaining a lens assembly 40 provided 
by a lens barrel. Lens assembly 40 includes a lens or lenses 
Which focus images from a substrate (as seen in FIG. 3b) 
onto image sensor 32. In one embodiment, lens assembly 40 
is con?gured so that module 50 has a ?Xed best focus receive 
distance of less than tWo feet (e.g., 3 inches, 5 inches, 7 
inches, 15 inches). Con?guring lens assembly 40 so that 
module 50 has a best focus receive distance of less than tWo 
feet alloWs module 50 to capture high resolution images at 
short range, from Which decodable indicia can readily be 
decoded. Module 5 can also be con?gured so that module 50 
has a best focus distance of several feet such as 5 feet or 
more as is described in US. application Ser. No. 10/252,484, 
?led Sep. 23, 2002, entitled “Long Range Optical Reader,” 
incorporated by reference. Module 50, can also include an 
adjustable lens assembly for providing an adjustable best 
focus receive distance. 

[0031] Referring to further aspects of module 50, a ?rst 
circuit board 14a carrying image sensor chip 182 and aiming 
LEDs 18 is mounted to a back-end of support 80 While a 
front circuit board 14b carrying illumination LEDs 16 is 
mounted to a front end of support 80. An optical plate 26 
carrying aiming and illumination optics is disposed forWard 
of second circuit board 14b. Supporting the various com 
ponent of imaging module 50 is a plurality of conductive 
support posts 84. As shoWn in FIG. 3d, support 80 can 
include integrated mounting Wings 80w aiding in the mount 
ing of module 50 Within module 10. Imaging module 50 is 
fully assembled into a form substantially shoWn in FIGS. 3a 
and 3b, prior to being installed in reader housing 11. Further 
aspects of module 50 and variations thereof are described in 



US 2005/0001035 A1 

US. patent application Ser. No. 10/092,789, ?led Mar. 7, 
2002, entitled “Optical Reader For Imaging Module,” incor 
porated herein by reference. 

[0032] Referring to FIG. 3b, illumination LEDs 16 
together With illumination optics including diffusers 27, 
project an illumination pattern 90 onto a substrate s. Illu 
mination pattern 1216 at normal Working distances substan 
tially corresponds to a ?eld of vieW of imaging module 50. 
Aiming LEDs 18 together With aiming optics 43, 25 project 
an aiming pattern 1218 onto a substrate. Aiming pattern 
1218 aids in the alignment of imaging module 50 relative to 
a target. If reader 10 is moved so that aiming pattern 1218 
is located on a target indicia 1010 such as the bar code 
shoWn in FIG. 3b, there is strong assurance that target 
indicia 94 is Within a ?eld of vieW of imaging module 50. 

[0033] In FIG. 4a, a block diagram of an optical reader 
electrical circuit is shoWn having a multi-functional proces 
sor IC chip 180 including an integrated frame grabber block 
148. Electrical circuit 100 shoWn in FIG. 4a can be utiliZed 
for control of a single 2D imaging module optical reader as 
is shoWn for example in US. Ser. No. 09/954,081, ?led Sep. 
17, 2001, entitled “Imaging Device Having Indicia-Con 
trolled Image Parsing Mode,” Which is hereby incorporated 
herein by reference in its entirety. 

[0034] In the speci?c embodiment of FIG. 2a, electrical 
circuit 100 includes a control circuit 140 comprising CPU 
141, system RAM 142 and system ROM 143 and frame 
grabber block 148. Electrical circuit 100 further includes an 
image sensor 32 typically provided by a photosensitive array 
and an illumination block 160 having illumination LEDs 16 
and aiming LEDs 18 as shoWn in the physical form vieW of 
FIGS. 3a-3c. Image sensor 32 of FIG. 2a is shoWn as being 
provided by a 2D photo diode array. If a 1D image sensor 
replaces image sensor 32, then aiming LEDs 18 and illumi 
nation LEDs 16 may be constituted by one set of LEDs. In 
the embodiment shoWn, image sensor 32 is incorporated in 
an image sensor IC chip 182 Which typically further includes 
an image sensor electrical circuit block 134. Image sensor 
electrical block 134 includes control circuit 135 for control 
ling image sensor 32, an A/D conversion circuit 136, for 
converting analog signals received from image sensor 32 
into digital form and integrated clock 137 sometimes 
referred to as an oscillator. 

[0035] In the embodiment shoWn in FIG. 4a, CPU 141 
and frame grabber block 148 are incorporated in a multi 
functional IC chip 180 Which in addition to including CPU 
141 includes numerous other integrated hardWare compo 
nents. Namely, multifunctional IC chip 180 may include a 
display control block 106, several general purpose I/O ports 
116, several interface blocks such as a USB circuit block 107 
and a UART block 108 for facilitating RS 232 communi 
cations, a UART block 109 for facilitating infra-red com 
munications (including communication according to stan 
dards promulgated by the INFRARED DATA 
ASSOCIATION7 (IrDA7), a trade association for de?ning 
infrared standards), and a pulse Width modulation (PWM) 
output block 110. Multi-functional processor IC chip 180 
can also have other interfaces such as a PCMCIA interface 
111, a compact ?ash interface 112, and a multimedia inter 
face 113. If reader 10 includes a display 13d, display 13d 
may be in communication With chip 180 via display inter 
face 106. Trigger 13[ and keypad 13k may be in communi 
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cation With chip 180 via general purpose I/O interface 116. 
Physical form vieWs of readers having displays and key 
boards are shoWn for example in US. patent application Ser. 
No. 10/ 137,484, ?led May 2, 2002, entitled “Optical Reader 
Comprising Keyboard,” Which is hereby incorporated herein 
by reference in its entirety. Multi-functional processor IC 
chip 180 may be one of an available type of multifunctional 
IC processor chips Which are presently available such as a 
Dragonball MX 1 IC processor chip or a Dragonball MXL 
IC processor chip available from Motorola, a DSC IC chip 
of the type available from Texas Instruments, an O-Map IC 
chip of the type available from Texas Instruments, or a 
multifunctional IC processor chip of a variety knoWn as 
Clarity SOC’s (e.g., system on a chip) available from Sound 
Vision, Inc. 
[0036] In one embodiment, multi-functional processor IC 
chip 180 comprises components that provide at least the 
functions provided by a CPU 140, system RAM 142 and 
system ROM 143. In some embodiments, it is advantageous 
that microprocessor-based decoder module 180 comprises 
an integrated circuit device having integrated therein a 
microprocessor, an analog-to-digital converter, a digital-to 
analog converter, a direct memory access (DMA) channel, a 
bi-directional communication line for communication With a 
sensor such as either or both of line 151 and 152, and a 
channel for data receipt from a sensor, such as data line 159 
that brings data to frame grabber 148. The microprocessor 
based IC chip 180 can comprise semiconductor materials, 
optical materials, and photonic band gap materials. In some 
embodiments, it is advantageous that the multi-functional 
processor IC Chip 180 further comprise I/O 116 suitable to 
accept user input (for example from a keyboard 13k), 
interface capability for “?ash” memory devices such as 
“Multimedia” (MMC), “Smart Media,”“Compact Flash,” 
and “Memory Stick.” Other features that may be used to 
advantage include pulse Width modulators (PWMs), serial 
communication channels (e.g., UARTs, SPIs, and USBs), 
display drivers and controllers such as for an LCD, Wireless 
communication capability such as Bluetooth and 802.11 (a), 
(b), and (g)-compatible transmitter/receivers, sequence con 
trol modules such as timer banks, sensor controllers, audio 
generators, audio coder/decoders (“codecs”), speech synthe 
siZers, and speech recognition hardWare and/or softWare. 
[0037] Frame grabber block 148 of IC chip 180 replaces 
the function of a frame grabbing ?eld programmable gate 
array (FPGA) as discussed in commonly assigned US. 
patent application Ser. No. 09/954,081, ?led Sep. 17, 2001, 
entitled “Imaging Device Having Indicia-Controlled Image 
Parsing Mode,” and US. patent application Ser. No. 09/904, 
697, ?led Jul. 13, 2001, entitled “An Optical Reader Having 
a Color Imager,” both of Which are hereby incorporated 
herein by reference in their entirety. More particularly, frame 
grabber block 148 is speci?cally adapted collection of 
hardWare elements programmed to carry out, at video rates 
or higher, the process of receiving digitiZed image data from 
image sensor chip 182 and Writing digitiZed image data to 
system RAM 142 Which in the embodiment shoWn is 
provided on a discreet IC chip. Frame grabber block 148 
includes hardWare elements precon?gured to facilitate 
image frame capture. Frame grabber block 148 can be 
programmed by a user to capture images according to a 
user’s system design requirements. Programming options 
for programming frame grabber block 148 include options 
enabling block 148 to be customiZed to facilitate frame 
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capture that varies in accordance With image sensor char 
acteristics such as image sensor resolution, clockout rating, 
and fabrication technology (e.g., CCD, CMOS, CID), 
dimension (1D or 2D), tonality (from 1 to N-bits), color 
(monochrome or color), biometric features, such as ?nger 
prints, retinal patterns, facial features, and one- and tWo 
dimensional patterns that can provide information, such as 
chromatography patterns and electrophoretic patterns of 
miXtures of substances, including substances such as bio 
logical samples comprising DNA. A decoder board adapted 
to operate in a manner dependent on sensor attached thereto 
is described in US. patent application Ser. No. 10/339,439, 
?led Jan. 9, 2003, entitled, “Decoder Board For An Optical 
Reader UtiliZing A Plurality Of Imaging Formats,” incor 
porated by reference. 
[0038] Aspects of the operation of circuit 100 When circuit 
100 captures image data into RAM 140 are noW described. 
Circuit 100 can perform a cycle of receiving a frame of 
image data, performing internal programming functions, and 
decoding the frame of image data in a time period of less 
than or equal to a second. In a more preferred embodiment, 
the circuit 100 performs the cycle in a time period of less 
than or equal to 1/30 of a second. It is eXpected that in a still 
more preferred embodiment, the time period can be less than 
or equal to 1/270 of a second. When trigger 13[ is pulled, CPU 
141, under the operation of a program stored in system ROM 
143, Writes an image capture enable signal to image sensor 
chip 182 via communication line 151. Line 151, like the 
remainder of communication lines described herein repre 
sents one or more physical communication lines. In the 
embodiment shoWn, Wherein image sensor chip 182 is of a 
type available from IC Media Corp., 12C interface 115 of 
chip 180 is utiliZed to facilitate communication With chip 
182 (if another image sensor chip is selected another type of 
interface e.g., interface 116 may be utiliZed). Other types of 
signals may be sent over line 151 during the course of image 
capture. Line 151 may carry, for example, timing initialiZa 
tion, gain setting and eXposure setting signals. 
[0039] When control block 135 of image sensor chip 182 
receives an image capture enable instruction, control block 
135 sends various signals to frame grabber block 148. Image 
sensor control block 135 typically sends various types of 
synchroniZation signals to frame grabber block 148 during 
the course of capturing frames of image data. In particular, 
control block 135 may send to frame grabber block 148“start 
of frame signals” Which inform frame grabber block 148 that 
chip 182 is ready to transmit a neW frame of image data, 
“data valid WindoW” signals Which indicate periods in Which 
a roW of image data is valid, and “data acquisition clock” 
signals as established by clock 137 controlling the timing of 
image data capture operations. In the embodiment described, 
line 152 represents three physical communication lines, each 
carrying one of the above types of signals. In an alternative 
embodiment, vertical and horiZontal synchroniZation signals 
are processed by frame grabber 148 to internally generate a 
data valid WindoW signal. Frame grabber block 148 appro 
priately responds to the respective synchroniZation signals, 
by establishing buffer memory locations Within integrated 
RAM 149 of block 148 for temporary storage of the image 
data received from image sensor chip 182 over data line 159. 
At any time during the capture of a frame of image data into 
system RAM 142, buffer RAM 149 of frame grabber block 
148 may store a partial (e.g., about 0.1 to 0.8) or a full line 
of image data. 
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[0040] Referring to further aspects of electrical circuit 
100, circuit 100 includes a system bus 150. Bus 150 may be 
in communication With CPU 141 via a memory interface 
such as EIM interface 117 of IC chip 180. System RAM 142 
and system ROM 143 are also connected to bus 150 and in 
communication With CPU 141 via bus 150. In the embodi 
ment shoWn, RAM 142 and ROM 143 are provided by 
discreet IC chips. System RAM 142 and system ROM 143 
could also be incorporated into processor chip 180. 

[0041] In addition to having system RAM 142, sometimes 
referred to as “Working” RAM, electrical circuit 100 may 
include one or more long-term storage devices. Electrical 
circuit 100 can include for eXample a “?ash” memory device 
120. Several standardiZed formats are available for such 
?ash memory devices including: “Multimedia” (MMC), 
“Smart Media,”“Compact Flash,” and “Memory Stick.” 
Flash memory devices are conveniently available in card 
structures Which can be interfaced to CPU 141 via an 
appropriate “slot” electro mechanical interface in commu 
nication With IC chip 180. Flash memory devices are par 
ticularly useful When reader 5 must archive numerous 
frames of image data. Electrical circuit 100 can also include 
other types of long term storage such as a hard drive Which 
may be interfaced to bus 150 or to an appropriate I/O 
interface of processor IC chip 180. 

[0042] In a further aspect of electrical circuit 100, control 
circuit 140 is con?gured to control the turning “OFF” and 
turning “ON” of LEDs 16, 18 of illumination block 160. 
Control circuit 140 preferably controls illumination block 
160 in a manner that is coordinated With the capturing of the 
frames of image data. Illumination LEDs 16 are typically 
“ON” during at least a portion of frame capture periods. 
Con?guring circuit 140 so that LEDs 16, 18 have “OFF” 
periods signi?cantly reduces the poWer consumption of 
circuit 100. 

[0043] In a further aspect of the electrical circuit 100, 
electrical circuit 100 can be con?gured so that PWM output 
interface 114 of IC chip 180 controls illumination LEDs of 
an imaging module such as illumination LEDs 16 of module 
10-1 or aiming/illumination LEDs 18 of module 10-2. 

[0044] In one embodiment, illumination block 160 is in 
communication With PWM output interface 114 and con?g 
ured in such manner that LEDs 16 are turned “ON” at a 
leading edge of PWM pulses output at PWM interface 114, 
and are turned “OFF” at falling edges of PWM pulses output 
at PWM interface 114. PWM interface 114 should be 
con?gured so that several pulses are generated and sent over 
communication line 153i during the time that a single roW of 
piXels of image data are eXposed to light prior to clocking 
out of piXel values corresponding to that roW. Thus, illumi 
nation LEDs 16 Would be turned “ON” and “OFF” several 
times during the eXposure period for eXposing a roW of 
piXels to light. Further, the number of pulses output by PWM 
output 114 during the time that a single roW of piXels are 
eXposed should not vary substantially from roW to roW. The 
piXel clock signal received at frame grabber block 148 of IC 
chip 180 can be utiliZed to generate the PWM output. It can 
be seen, therefore, that multifunctional IC chip 180 includ 
ing frame grabber block 148 and PWM output 114 greatly 
simpli?es the task of developing PWM signals for use in 
controlling illumination LEDs 16 of module 10. 

[0045] In another embodiment, PWM output 114 and 
illumination block 160 are con?gured so that PWM output 




















